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PREFACE

This program was conducted by the USAF Test Pilot
School as a student class project under the sponsorship
of the Air Force Flight Dynamics Laboratory (AFFDL),
Wright-Patterson AFB, Ohio. AFFDL funding was provided
through AFFTC Job Order Number 8219A0, Project Directive
75-34. _—

The results of the test program were origirally docu-
mented in a USAF Test Pilot School Letter Report (reference
1)1 prepared by the following students of class 76-B:

William M. Cima, Lieutenant, USN; Thomas J. LeBeau, Captain,
USAF; Jack T. Stebe, Captain, USAF; Armand Jacob, Captain,
French Air Force; and Charles M. Miller, Captain, USAF. This
letter report has been expanded and edited for publication

as an AFFTC Technical Report and released for general dis-
tribution,

The following acknowledgement is extracted from the
preface to the letter report:

“The test team received considerable assistance
from Calspan Corporation personnel during this
rroject and especially appreciates the advice
and support of G. Warren Hall, Engineering
Pilot, who acted as program safety pilot. :
Additionally, the test team thanks Rokert %

T T T NPT SO P

Harper, Engineering Pilot, and Ronald Huber,
Flight Test Engineer, for their assistance in
preparing and executing this test. Finally,
special recognition is due the Calspan NT-33A

B e 1o U

maintenance crews for their outstanding support AN
in generating 100 percent of the sorties pro- e Nolsen l(
grammed." e " -
! omeE s
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lReference 1: Cima, William M., Lieutenant USN, et al.,
Limited Flight Evaluation of Sidestick Controller Force -
Deflectionﬁgﬁaracteristics on Alircraft Handling Qualities,
Letter Report, USAF Test Pilot School, ALr Force Flight
Center, Edwards AFB, California, 1 July 1977.
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INTRODUCTION

This report presents the results of a limited pilot
evaluation of the effect of side stick controller longitu-
dinal and lateral force and deflectiocn characteristics on
the ability to perform certain preacribed tasks. Air-to-
air, air-to-ground, and instrument approach and landing
tasks were used in this evaluation. The tests were flown
in the Calspan, variabls stability NT-33A using a side
stick controller.

Flight testing was conducted between 13 May and 3
June 1977 at the AFFTC as part of the USAF Test Pilot
School curriculum. A total of 23 flights were flown in
the evaluation aircraft for 35.7 hours.

The test aircraft, NT-33A, USAF SN 51-4120, was pro-
vided by the Calspan Corporation, Buffalo, New York, under
AFFDL contract number F33615-~73-C-3051. This aircraft dif-
fered considerably from a standard T-33 in that the aircraft
dynamics and flight control system characteristics could
be varied to simulate those of different aircraft.2
The front cockpit was equipped with a fly-by-wire, variable
feel side stick controller which was used exclusively dur-
ing this test. The stability and control characteristics
of a high performance fighter aircraft were used and are
listed in table 1.

Handling qualities during selected tasks were evaluated
with different ratios of stick force to aircraft response
(load factor and roll rate) and stick force per unit of
stick deflection. The longitudinal and lateral axes were
investigated simultaneously.

2A brief description of the test aircraft is given in

Appendix C. Detailed information may be found in reference
2: Hall, G.W., and Huber, R.W., System Description and
Performance Data for the USAF/CAL %&rIEBIe StSEIIItx

T-33 Airplane, AFFDL-TR-70-71, Alir Force Flight Dynamics
Laboratory, Wright-Patterson AFB, Ohio, August 1370.
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Table 1 '
E STABILITY AND CONTROL CHARACTERISTICS OF TEST AIRCRAFT 3
_ ' j
Flight Phase Flight Phase .
Category A Category C ]
Parameter Dynamics Dynamics v 1
ng/a  (g/rad) 33 7 ,
i
wgp (rad/sec) 5.0 2.2 i
/7, 2.1 0.9 ::
: i
Zsp 0.6 0.5 1
wp (rad/sec) .09 .15
Zp .05 .05
TR (sec) .2 0.5
-
% s (sec) ® ®
waewy (rad/sec) 3.2 1.2 ,
tdr%¢ 0.4 0.25 > :
|08 4 0.5 3.
NOTE: These characteristics are based upon 300 KIAS at f
: 12,000 feet for Category A Flight Phase (tracking) and upon 3
i 145 KIAS at 4,000 feet for Category C Flight Phase (approach . ;
; and landing). Proverse Yaw: Nga/Laa = 0.016. j
! |
i !
& ;
E 3
3 .
i ‘ 3
L
E
i
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This test was similar to a previous test performed
by Calspan_ Corporation for the Air Force Flight Dynamics
Laboratory3 and was intended to supplement that data base.
During the Calspan test, the pilots evaluated handling
gualities during air-to=~air tracking by performing opera-
tionally-oriented tracking maneuvers.

For this test, at the AFFTC, a nonoperational track-
ing task, "Handling Qualities During Tracking" (HQDT),
was utilized. This procedure, unlike Calspan's, incorpo-
rated structured tracking maneuvers and did not permit
the use of rudder pedals by the evaluation pilot during
tracking.

In addition, the aircraft stability and control
characteristics simulated on the NT-33 were slightly
different from those used for the Calspan tests. 1 small
amo'nt of proverse yaw was introduced to improve the
lateral-directional characteristics during tight tracking,
with no rudder pedal inputs.

3Reference 3: .ight Investigation of Fighter Sidestick
Force Deflect.on Characteristics, AFFDL-TR~/5-~39, Alr
Force Flight Dynamics Laboratory, Wright-Patterson AFB,
Oohio, May 1975.
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TEST AND EVALUATION

OBJECTIVES

The primary test objective was to obtain pilot
evaluations of specific aircraft handling qualities with
variations in the following parameters:

1. side stick longitudinal force per unit normal
acceleration (Feg/nz) and force per degree side stick
deflec:ion (Fes/Seg) for flight phase Category A and C
tasks.

2. Side stick lateral force per unit roll rate (F,5/p)
and force per degree side stick deflection (Fag/Sag) for
flight phase Category A and C tasks.

The secondary test objectives were to obtain the
following:

1. Pilot evaluation of aircraft handling gualities
with variations in control harmony for configurations
where pilot comments indicated unsuitable control harmony.

2. A supportive, quantitative evaluation of tracking
performance for flight phase Category A tracking tasks.

In addition, although not an original objective, a brief
evaluation of the effect of heavier breakout forces was
conducted.
SIDE STICK CONFIGURATIONS

The parameters varied in the test were:

1. Stick force per unit of aircraft response.

2. Stick force per unit of stick deflection.
Both the longitudinal and the lateral axes were varied

together in the same manner as in the Calspan test reported
in reference 3, (for example, a "heavy" longitudinal stick

4Category A which includes air-to-air combat and ground
attack and Category C which includes approach and landing
are as defined in reference 4: Milita Specification
Flying Qualities of Piloted Airplanes, MIL-F-8785B (ASG),

7 August 1969.

10

""T.-W,:',. e

w*%q,,‘...i:,,‘ﬁk.n

PO s

i

L b B Nt Tt Y il A e el

S




™ PIESTTS TR Ay e o
TR URS AR DR TR NP AR T e ae IR VT Y TR AR R : \ e e

force was used in conjunction with a "heavy" lateral
stick force in order to provide control harmony). ©On a
few tests the longitudinal and lateral axes were varied
indegendentiy to investigute differences in control
harmony. The levels of 1 and 2 above, planned for inves-
tigation, are depicted in tables 2 and 3. The heavy,
medium, light, and very light stick force-to-response gains
are depicted in figures 1 and 2 as plots of stick force
versus aircraft response. The configurations are also
represented in matrix form in figures 3 and 4. Although
each matrix depicts only the longitudinal axis configura-
tions, the lateral axis set is also defined by reference
to the tables. The nonlinear character of the force-
response gains were designed by Calspan to depict modern,

.fighter aircraft control mechanizations. The heavy,

medium, and light gains were chosen tc duplicate those

of the Calspan test; the very light gain was added. How-
ever, as discussed later, these gains did not accurately
match Calspan's. The same ratios of stick displacement
{in degrees of arc) to stick force were used as in the
Calspan test with the exception of the longitudinal and
corresvonding lateral gradients of 0.2 and 0.3 deg/pound,
respectively. Calspan had tested a fixed-stick configuration
(gradient of 0.0 deg/pound) and, in discussions with the
TPS, had recommended that a very small amount of stick
deflection also be investigated. The 0.2 deg/pound
gradient was included for this raason.

CONDUCT

Evaluation Technique:

The side stick force-deflection configurations chosen
for each mission were selected from tables 2 (Category A)
and 3 (Category C). These configurations were arranged
so that no two similar configurations were evaluated con-
secutively. At no time during the test program were the
evaluation pllots exposed to the previously collected data
or aware of the configurationa tested.

Predefined air-to--air and air-to-ground tracking
tasks were used to evaluate the side stick configurations
in flight phase Category A. The “Handling Qualities Dur-
ing Tracking" technique in use at the AFFTC was employed.>
The test limitations prescribed in Appendix B were adhered
to. 1Instrument approach and landing tasks were used to
evaluate side stick controller configurations in ¥light phase
Category C.

T‘;—I!.eference 5: Twisdale, T.R., and PFranklin, D.L.,, Trackin
Test Techniques for Handling Qualities Evaluation, AFFIC~
TD-75-1, Alr Porce Flight Test Center, Rcwards AFB,

California, May 1975.
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Coniig.
No.
i 1
| 2
{ 3
i
4
b ‘
5
8
| ?
: 10
L 11
12
13
14
4 15
1 16
i
4
i
J
|
g
i

CATEGORY
l"‘es/nz*
(ib/g)
very light
light
medium
heavy
véry light
light
medium
heavy
very light
light

nedium

" heavy

very light
light
medium

heavy

T ML I TR AN T TR

Table 2

A CONTROL CONFIGURATIONS

6es/Fes Faa/p* 6as/Fas

(deg/1b) (lb/deg/sec) (deg/lb)
.2 very light .3
.2 Light .3
.2 mediun .3
.2 heavy .3
.5 very light 77
+5 light .17
.5 medium .17
.5 heavy .17
.7 very light l1.08
.7 light 1.08
.7 medium 1.08
.7 heavy 1.08
.91 very light 1.43
.91 light 1.43
.91 medium 1.43
.91 heavy 1.43
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*Perminology refers to the slopes of the force-response
curves shown on the facing page.
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FLIGHT PHASE CATEGORY A

300 koos
12,000 ft

Longitudinal Stick Parce - 1b

lateral Stick Force - 1b
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Config.
No.

17
18
19
20
21
22
23
24

Table 3
CATEGORY C CONTROL CONFIGURATIONS

Fes/nz* 6ea"Fea Faslp* 6as/Fas
{1b/q) (deg/1b) (1b/deg/sec) deg/1b)
light 0.2 light 0.3
medium 0.2 medium 0.3
light 0.5 light 0.77
mediun 0.5 medium 0.77
light 0.7 light l.08
medium 0.7 medium l.c8
light 0.91 light 1.43
medium 0.91 medium 1.43

*Terminology refers to the slopes of the force-response
curves shown on the facing page.
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Air-to~-air tracking was begun with the NT-33A
approximately 2,000 feet behind the target aircraft. The
pilot trimmed the aircraft prior to start and Adid not re-
trim during the maneuver. At the start of the teat, the
pilot achieved the aim point as rapidly and aggressively
as possible and persistently drove tha pipper to the pre-
cise aim point. The aim poin%t was the center of the target
fuselage at the wing/fuselage junction. The pipper de-
pression was 15 mils., The specific tracking task for each
configuration consisted of the following:

1. Two 280 KIAS 2-g turns in opposite directions
for a heading change of approximately 180 degrees in each
turn.

2. Two windup turns in opposite directions main-
taining 280 RIAS from 1 to 3.5 g at an onset rate of 0.1 g/
second,

The above sequence was accomplished for each side stick
control configuration at least once, but repeated as often
as desired by the evaluation pilot. The evaluation pilot
then completed the in-flight debriefing shown in Appendix
D and assigned a numerical rating using the Cooper-Harper
rating scale (same Appendix). The control system was then
reconfigured for the next point. All tests were conducted
during day VFR conditions at altitudes from 17,000 feet
mean sea level (MSL) to 13,000 feet MSL. The evaluation
pilot maintained separation distance between 2,000 and
1,000 feet., The NT-33A oscillograph, audio recorder and
gunsight camera were used for selected maneuvers.

For the air-to-ground tracking task, the evaluation
pilot used a designated target within R2508, Edwards AFB
restricted area. The air-to-ground simulated bombing
pattern is depicted in figure 5 and tracking techniques
described in reference 5 were used. .)1e pipper depression
was 15 mils. At the release altitude of 3,000 feet above
ground level (AGL) a pullout employing 4 g's in 2 seconds
and a climb to downwind were made. The above sequence
was repeated as necessary for each of the control system
configurations. Prior to the base turn, the evaluation
pilot completed the in-flight debriefing in Appendix D.
The oscillograph, the audio recording device and the gun-
sight camera were used on data passes,

For the approach task, the published ILS approach
to Edwards AFB Runway 22 was flown with the evaluation
pilot making ~»n aggressive effort to stay oncourse and
glide slope. At 200 feet AGL, the evaluation pilot
transitioned to outside references for the landing task
and completed a touch and go landing. When established on

17
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downwind , the evaluation pilot completed the in-flight
dabriefing i1 Appandix D. Oscillograph and audio recorders
were used. The aircraft was flown at 140 KIAS with landing
gear and speed brakes extended and flaps at 30 degrees.

When pcossible, a postflight debriefing was c¢onducted
with the project engineers and the safety observer in
attendance. However, because of curriculum workload formal
debriefings were not conducted on most missions, and the
evaluation pilot transcribed his in-flight comments from
the audio recorder.

Data Reduction:

Pilot comments were summarized on a flight-by-flight
basis according to each task evaluated. These sumnaries
were reviewed and condensed to those comments that typified
each configuration and task combination.

.Individual pilot Cooper-Harper ratings for each
configuration and task combination were collated. Several
different methods, ligsted below, were used to summarize
pilot ratings.

1. Determining the average rating for each ccutrol
configuration.

2. Determining the median rating fnr each control con-
figuration.

3. Determining the average pilot rating for each of
the three pilots over each control configuration. The
average and median of these three averages were then
computed.

4. Determining the median pilot rating for each of
the three pilots over each control configuration. From
these three median ratings, the average and median were
then computed.

5. Calculating the standard deviations of all pilot
ratings for each control configuration. '

Oscillograph records were reviewed and data extracted
when verification of test conditions was reguired, when
anomalies occurred during testing that required further
investigation, or when verification of aircraft stability
and control characteristics and sidestick controller con-
figurations were required.

Gun camera film was processed and read to provide
pipper azimuth and elevation offset from the target for
selected air-to-air tracking runs. Representative plots of
pipper position versus target and error time histor@es were
generated using the AFFTC Air-to-Air Gunnery Analysis Sys-
tem (ATAGAS) conputer program.

19
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RESULTS

Pilot rating and comment data were gathered and
analyzed for the air-to-air, air-to-ground and approach
and landing tasks. Control harmony and the effect of
breakout force on pilot ratings were investigated during
air-to-air tracking for selected configurations.

Alr-to-air:

The results of the air-to-air tracking tasks are
presented ip figure Al (individual ratings) and in figures
A2 and A3 (pilot averages and overall averages). Represen-
tative pilot comments for each side Stick contiguration
are shown in figure A4. For purposes of discusaion the
matrix of control configurations was divided into four
areas of similar pilot ratings and is depicted in figure
AS.

The ratings were treated with a variety of statistical
reduction techniques, as explained previously. However,
each technique yielded essentially the same results.
Therefore a simple average of all ratings fnr each con-
figuration was used to present the results. Ratings were
discarded only when the configuration was improperly set,
and in one instance when the pilot reported that hec was .
overly tired during the evaluation flight. Figure A6
shows the standard deviations for the ratings to be 1.5
or less for each configuration, indicating good correlation .
of ratings,

In general, pilots preferred the larger control stick
motion with light control force gradients and, to a lesser
degree, the smaller control stick motion with heavy con-
trol force gradients. Control configurations in area I
of figure A5 yielded the best results, both in pilot ratings
and comments. Pilots indicated that control motions were
noticeably large but not uncomfortable. Area I configura-
tions were on the edge of the test matrix; thus, the outer
boundaries of this area were not determined. Additional
testing sgould be accomplished to completely define area
I. (R1)

Area II configurations were found to be acceptable
but slightly inferior to area I configurations. Pilot
comments indicated that the stick forces for configuration

6Numerals preceded by an R refer to recommendations appearing

in the Conclusions and Recommendations section of this
report.
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4 were tiring and uncomfortable. Although the boundaries
were not completely determined, these comments imply that §
area II would probably not extend into the range of
heavier force gradients. g !

Area IV configurations were rated the poorest. They i i
. were characterized by longitudinal and lateral sensitivity
or, in the case of configuration 16, aircraft sluggish-
ness.
E

Area III includes all of the remaining control con-
figurations. Note that with medium control stick motion,
the control force gradient selected had essentially no
effect on pilot ratings. However, pilot comments show a
trend from oversensitivity to sluggishness aa the control
force gradient increased from very light to heavy.

sdaal

e ket . el S,

The effect of breakout force on pilot ratings was ;
investigated hy setting control configurations 7 and 1l ;
with breakout forces of 1/2 pound and 1 pound. Figure
A7 shows that pilot ratings were worse for configuration
7 with 1 pound breakout as compared to ratings for 1/2
pound breakout force, and essentially the same for con-
figuration 1l1. Pilot comments in figure A8 show an in- ;
crease in pitch sensitivity with increased breakout force.

Control harmony was investigated for four selected i
control configurations where pilot comments indicated a i
. lack of harmony. As shown in table 4, lateral forces were :
increased or decreased one gradient "increment" for a
given longitudinal force gradient. Figures A9 and Al0
show that the change in lateral forces resulted in es-
sentially no change in pilot ratings. Pilot comments in
figures All and Al2 show that increasing the lateral
force gradient generally resulted in increased sensitivity
in the pitch axis while decreasing the lateral force
gradient resulted in increased sensitivity in the roll
axis. Thus, based upon this limited investigation, the
original control force harmony appeared to be optimal.
However, changes in control motion harmony were not
investigated. Additional control harmony testing should
be accomplished. (R 2)
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Takle 4
i CONTROL HARMONY TESTS GAIN SETTINGS . ]
Control Motion Longitudinal Force/ Lateral Force/ ‘
Gradient (deg/pound) Regsponse Gain Response Gain
, 0.5, 0.7 light very light
i 1 medium light i
: light medium

) e ) e s 5 1 s kit et tn). it B doadin, ..

{ Early in the test program it became evident that an ;
fi objectionable amount of adverse yaw was present during the _
| tracking task. This adverse yaw so overshadowed other i
' aircraft characteristics (since rudder pedal inputs were
not allowed) that it was decided to alter the simulated
. dynamic characteristics from those used in the Calspan

. tests, The aileron-to-rudder interconnect gain was

i changed to produce a slight amount of proverse yaw.
q Tracking performance improved and allowed a better evalu-
: ation of both axes. However, the lateral-directional
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characteristics remained objectionable during the perform-
ance of the HQDT task. Sharp lateral inputs resulted in
annoying, open lonp, low frequency directional oscillations
for all control configurations. This deficiency detracted
from the pilot's ability to evaluate lateral control
effectiveness and control harmony.

A minimum of one fliyht per pilot was necessary to
adopt to the HQDT task and to the aircraft stability and
control characteristics. Gunsight camera film was useful
during this phase for aiding pilots in gualitatively
evaluating configurations and exchanging ideas on adequate
versus desired aircraft performance.

Gunsight camera film from six randomly selected
flights was read and reduced to provide pipper position
error using the AFFTC ATAGAS computer program. Plots
resulting from three control configurations are presented
in figures Al3 through AlS5. The tracking error did not
correlate completely with pilot ratings since the amount
of pilot compensation could not be measured. Hence, these
plots were not considered useful for this evaluation.

Air-to-Cround:

Evaluation of the air-to-air tracking task was con-
sidered primary and a target aircraft was available for
each test sortie. This limited the number of air-to-grcund
and approach and landing tasks that could be accomplished.
Only 12 pilot ratings, shown in figure Al6, were obtained
for the air-to-ground tracking task. This amount of data
was insufficient to present conclusions on the control
configurations.

Approach and Landing:

Approach and landing data are presented in figures
Al7 thrcugh Al9. Pilot comments and ratings indicated
that approach and landing should be evaluated as two
separate tasks. Further, the approach tracking task did
not enable the pilots to finely discriminate between con-
trol configurations. Nearly all control configurations

‘' seemed to accomplish the app-oach tracking task equally

well. The landing task 2nabled pilots to discriminate more
easily between control configurations, however, insuffi-
cient data were cbtained to present conclusions. Additional
testing should be accomplished to optimize the control
configurations for the landing task. (R 3)
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Comparison With Previous Data:

Clame ot g e it i

The air-to-air tracking data were compared to the
data base previously established by Calspun and reported
on in reference 3. 1Ideally, the test configura‘ions flown .
and the tasks rated should have been the same in both .
programs. However, there were differences, listed be~
low.
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1. The aircraft dynamic characteristics were altered
by introducing a slight amount of proverse yaw.

2. The tracking maneuver technique precluded the use
of rudder pedals and, as such, accentuated any lateral de-
ficiencies.
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3. The force/response gains used in tracking were S
higher than the corresponding values chosen by Calspan. L i
Generally, during tracking, pitch stick was confined to the ’ ‘ :
upper gradient (above the gradient change) and roll stick ]
e to the lower gradient. In these areas the Calspan gradients A
i fell approximately halfway between the gradients depicted §
: in figure 1. !

e

4. The breakout forces employed in these tests were
1/2 pound. Calspan used one-pound breakout forces.

5. During the AFFTC tests the pilots were not in-~
formed as to which configuration they were evaluating. During
the Calspan tests, they were so informed.

Because of these differences, caution should be used when
trying to relate the two groups of data.

The configurations most relatable to those tested
previously were numbers 6, 7, 8 (0.50 deg/pound motion
«radient) and 14 and 15 (0.91 deg/pound). 1In the case of
the smaller motion the pilot comments are supportive but
the AFFTC ratings tendeu to be worse. This is attributed
to the more demanding tracking task. The Calspan results 3
showed }at pilot comments and ratings improved when a }
slight amuunt of stick motion was introduced but they s
degraded as stick motion was further increased. The AFFTC
data showed the improvement to continue out to the largest
motion tested (C.91 deg/pound) for the light and medium
force-response gradients. The conclusion that the larger
stick motion caused a tendency towards sluggishness and
overcontrol and a degradation in predictability in response
was not borne out by pilots in the AFFTC test with the
exception of the heavy force-response gain.

sl m e

i
4
K

R ahsctofl ~SRNG SRR ICESN
e k

g 24




B e e e L e 7 S A -
" B 7 T T Ty T = arT

Further Testing:

The pilot ratings and comments presented in this re- .

poert are applicable to the specific tasks described in the ;

Conduct section. Other tasks, such as gros3a maneuvering P

or formation flying, may, result in differentfratings and 1 3

comments for the same cohtrol configurations. Further 1

testing should be conducted to determine the applicability 3

of thes2 test data to other tasks. (R 4) é 3
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CONCLUSIONS AND RECOMMENDATIONS

For the air-to-air tracking (HQDT) task the evaluation
pilots preferred the larger control stick motion with light
control force gradients and, to a lesser degree, the
smaller control stick motion with heavy control force
gradients. The aircraft's simulated lateral-directional .
i characteristics were cbjectionable during this tracking
: task and detracted from the pilotfs ability to evaluate
lateral control effectiveness and control harmony.
i Based upon a limited number of tests, it appeared that
¢ varying control force harmony did not improve pilot ra-
i tings. Data gathered during air-~to-ground tracking or
i during landings were insufficient and did not lead to any
conclusions. The approach tracking task did not enable
the pilots to finely discriminate between control con-

figurations.

; Some of the configurations with the best ratings in- {
volved large stick motion and were on the edge of the test i
matrix; thus, the outer boundaries of this area were not

determined.

‘ 1. Additional flight phase Category A
‘ tracking tests should be accomplished
to completely define the area of best ra-

tings (page 20).

r The control harmony investigation was incomplete in i
_ that control metion harmony was not evaluated and that the
entire matrix of control confiqurations was not investi-

gated.

i 2. Additional control harmony testing
should be accomplished (page 21).

Insufficient data were obtained for Catagory C
landing tasks to present conclusions.

E

3. Additional testing should be accomplished
to optimize the control configurations
for the landing task (page 23).

Other tasks, such as gross maneuvering or formation 3
flying may result in different ratings and comments for
the same cortrol configurations.

4. Additional testing 3hould be conducted
to determine the applicability of these
test data to other tasks (page 25). ) -
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APPENDIX B
TEST LIMITATIONS

General Limits:
a. Aircraft placard limitations were not exceeded,

b. All tasks were performed under VFR weather condi-
tions.

Air-to=-Air Tracking Task Limits:

a. Minimum separation was 1,000 £t during tracking.

b. Maximum NT-33A tracking speed was 350 KIAS.

c. Visual contact by the NT-33A crew was required.
Air-to-Ground Task Limits:

a. Minimum altitude 1,500 £t AGL.

b. Minimum airspeed in pattern 180 KIAS.

c. Maximum airspeed in pattern 350 KIAS.

d. Minimum roll in altitude 8,000 ft ACL.

e. Maximum stabilized dive angle 35 degrees.

f. Maximum pullout load factor 4.5 g.
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APPENDIX C

TEST AIRCRAFT DESCRIPTION AND INSTRUMENTATION

TEST AIRCRAFT

The test aircraft, NT-33A USAF S/N 51-4120, was a
modified T-33A jet trainer capable of reproducing the
dynamic response and control system characteristics of
different aircraft. The static and dynamics responses of
the basic T-33A were modified by a zesponse feedback vari-
able stability system. The variable stability system
positioned the control surfaces through full authority
electrohydraulic servos.

The normal front cockpit flight controls were dis-
connected from the NT-33A control system and were replaced
by a variable force and deflection fly-by-wire sife stick
controller used to perform thic evaluation. The side stick
is shown in figures Cl and C2. Motion was available in
both pitch and roll with force gradients in each axis that
could be varied independently. The pivot point for the
longitudinal and lateral axis was the stick base. Control
force gradients were achieved through an electrohydraulic
system built into the contioller. Force commands were
used in both axes, and force/response gains were not
affected by changes in the feel system force/displacement
gradients. The side stick controller characteristics were
changed in flight from the rear cockpit by the Calspan
safety pilot.

INSTRUMENTATION

A fixed depressior gunsight (shown in figure C3) was
used as an aiming reference during the Category A tracking
tasks. A 15 mil sight depression angle was used to reduce
the “pendulum effect” and its influence on the pilot ra-
tings. The same depression setting was usa2d for both air-
to-air and air-to-ground tracking.

A 16 mm gunsight camera operated at 4 frames per
second was used to record pipper azimuth and elevation

offset from the target during each Category A tracking
task.

A cassette tape volce recorder was used to record
pilot comments during and after the track.ng task and to
record the Cooper-Harper rating for each configuration.

R

il Lo,

ai

e« b 1 an L b e e oA it o, ) il S

e At s s o e




o -

e ey

i bt 2 ac I Gl S

e

A 50-channel Consolidated Electrodynamics Corporation
type 5-118P3-50 oscillograph was used to record pitch
rate, roll rate, longitudinal stick force, lateral stick
force, elevator deflection, aileron deflection, rudder
deflection and normal acceleration during the tracking
task and aircraft calibration tests. Paper speed was 1.0
inch per second.

e

i i i

YRRV

o b ¢ e i

o b 5] A i RO e s

i at
Uh R
oy AN (RN

A N,
Wi '.b“ﬁi""f‘n?"

P st e s i s v M e "Wum -
" WE LR R T e
i «“.,,-,:- v‘./’_-\,‘ R )

. et L HT e el R TR L YE IR T T Tpnpr o
o E‘_N)Nﬁiﬂdmmﬁ.ﬂbﬁvﬁﬁlil bk st ;z;:\‘y}lvhkh’mﬁ&%h'

oo v
-~ &

ookl

e o HT b s i i

csndabe id e

Lt b et 1 Ba el s 1

TR -

RIS TR 3 T

24 e e xR b o i 7 4 L




e — s e+ e e e e e e e e e - e
T L .
F . e ven e
. e a4 . S } T ——
b * ’

| P—
m 1SAHWHY
,. 313avisnray

<N,

gside Stick Contiroller
94

'
{
N )
. B,
-
, 9]
| L
L :
| —
p ——
o
=
3
]
]
f
:
“,
1
1
'
1

P

Te PR
S e

oyl PR o 2 mai )’ emn SeOEY

oo




e rear. el . L S
" [ T U P USSR TTRINE <L PR Y. 3 ey

sido Stick Controller

Figure C2

T pre
ey ““,‘.u LY ey
Lt A R N L

s el l‘*“h R
N ¢l

2l ¥l vt ok A PN




g—— 100 MIILS —p

~ T

e———

/ N\

(i~ Y
\((((H))/

S

1L 1]

2 MIL

Figxre C3 NI-33A Gueight Meticle

R el A L T R P Yl

P

_— - =

s e oAl AN

L b s L




B S
r

APPENDIX D

DEBRIEFING GUIDES

A A L L

LA




-
8

AT TR TR

s 0

HANDLING QUALITIES DEBRIEFING OUTLINE

The t..1 1 wing debriefing cutline may be used to evaluate definsd test od)ectives uu well a8 "normal”
viying tasks which nre performed incident to the planned tasks (such as take-off, climb, cruise,
t wmntion filght to the test area, descert, ianding, ete. ).

‘- TASK Deacription of the tlight phase, subphase, or specific task being eveluated.

2. 'EST CONDITIONS What were the test ccnditions?

a., FLIGHT CONDITIONS Altitude, airspeed/Mach number, attitude, angle of atiack, etc.

b. CONFIGURATION Aircraft and flight control system configuration and state. (Loadaing, c.g..
sear and flaps, power setting, augmentation on/uff, test gains, ncrmal or failure state, etc.)

c. ENVIRONMENT (Turbulence level [use turbulence rating scaief, wind shear, cross-winds,
iightiug, sun angle, etc.!

3. T!ST TECHNIQUE How was the test perfcrmed? (Was a sprcinl technique used? =~ refer

Lo debrietring checklist fcr that technique.)

a. UNPLANNED DIFFERENCES nNid execution of the test differ from what was planned?

1) WHY ? (Airplane :suld not achieve planned test conditi:ns; test conditlons were too
stringent or too precise to be achieved and/or maintained; test was poorly designed, or
poorly tlown, ete.)

&. PILOT COMMENTS  rilot coments on his ability to perform the identified task.

\Desirable characteristics, problems, difficulties, unusual or unexpect-d or iroublesome airplane
~~rsponses, PIO tendencies [use P10 rating scale], etc.) (continued on reverse)
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a. SHORTCOMINGS How might handling qualities be {mproved? {(Improved harmony, quicker or

sloder response, reduced adverse yaw, improved gust reapanoe, ete.)

b, COCKPIT PROBLEMS  Wes cockpit interfacing & fector in performing the task?! (Controls,

Co

da.

f.

[N PN

selectors, {nstrument location o presentation, crew comfort, geometry. etc.)

ENVIRONMENTAL PROBLEMS  Were environmental conditions a factor .n performing the tasky

OTHER PROBLEMS Were there other factors which influenced the performance of the task?
{Unexpucted rallure states, transients, afterburner slow to light, wake turbulence, etc.)

PILOT RATING Cooper-Harper rating for the task, based on progression through the decision
logic (refer to Cooper-Harper rating scale).

1) AXIS is ihis a single-mxis or 2 multi-axis rating?

2) INFLUENCES  How do 4.b., k.., and L.d. above affect the Cooper-Harper rating?

CONFIDENCE LEVEL How confident is the piiot of his Cooper-Harper rating {use pilot
cnliaen sating aeate)?

1) WY 2 ir nut conrident, why not? (Did the test provide an adequate oppurtunity for
evnluution?}

2) TEST IMPROVEMENTS How could the test be impraved to permit a beiicr evalustion?

Reproduced from Reference 5: Tw!sdale, Thomas R., Preflight

Briefing and Postflight Debriefing Outlines for Han ng
Qualities Testing ana Evaluation, FlIght Test Technolugy
Branch, Office Memo, Air Force Flight Test Center, Edwards AFB,
California, February 1977,
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HANDLING QUALITIES RATING SCALE

- ™
: ADSQUACY POR SELECTED TASK OR MRCRAFT CENMANDS ON THE PRLOT MoT
; AROUMED OPERATION® CHARACTERISTICS M SELECTED TASK OR REGUINED OPERATION® RATING
g Excenent 2.0t compensat r 10t a factor for

Highly desitzble . dJes red petormarce

Good Puat comg pnrastior mut a tactor bew

nae
satstactory withoy®
improvement

Is acequate
performance
attainable with atoleras
pilot workload?

AR AL A

n
o controliabie ”

Negligible deticmncies

aesired purtormance

Farr — Some mildly
unpleasan! deficiencies

Mrumal (ol compensaton requiead tor
desired peiin Mance

Minor but annoying Desirel pottormance rejuires moderats
delicionces DU cOMpensation
D':J::::"" Modera*nly objectionable Adequate periormance requires
ot At
mpr
i Very objectionable but Adeq pert requites ¢
L tolerable deficiencias ot compensation
Adequate performance not attainabie with
Maijor deficencies manimum tolerable pilol pensat:ol
4 .
Deficiencies Controliatility not in queshcn
require " Considerable piior COMpensahon 13 caquired
mprovement Mayor deficiencres for con*+ol
Intense pilot compensatian i requyed to
Major deficiencies retain control

| improvement M
Lmnnaa ary laj0r deticiencies

Control wil be tost dunng Ronw echen o
required operation

o cmEmer

‘ r Pilot decisions

Coopet Harce: st NASA TNO-5153

From reference 6:

# Dol nion of 18QUITET UPE ION YDtves UEL.gRanton Of g PRise W W
T.O0NEES % 18 B (OMPANY:Ng LONSINONY

Cooper, G.E., and Harper, R.P. Jr., The Use of Pilot Ra-
ting in the Evaluation of Aircraft Handling Qualities,

NASA TN D-5153, Ames Research Center, Moffett Field,
California, April 1969.
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NT-33A

EVALUATION PILOT QUESTIONNAIRE

Personal Data

NAME Stebe, J.T. (Pilot A) RANK __ Capt SERVICE USAF
AGE 33 TOTAL FLYING TIME 3000 hr

Detailed Flying Time Breakdown
(List most recent aircraft first)

AIRCRAFT TIME (hr) .
: U-2 500
; T-33 450
B-66 275
T-38 1775 aé

Approximate Total Number of Air-to-Air Sorties 0

Approximate Total Number of Air-to-Ground Sorties 0

—
Q
o

Approximate Total Number of Aerial Refuelings

[
w
o

. Approximate Total Number of ILS Approaches

[P TR RO . e s

; o S Pglagh. v, .
* B Ty o




f ]
{
] NT-13A
; ;
EVALUATION PILOT QUESTIONNAIRE ;
F é ' Personal Data
NAME _ LeBeau, T.J. (Pilot B) RANK _Capt  SERVICE _USAF
b AGE _ 33 TOTAL PLYING TIME 1500 hr
- Detailed Flying Time Breakdown <
- (List most recent aircraft first) i
AIRCRAFT TIME (hr)
: * i
i RF-4C 27 |
o T-38A 61 |
' : 3:
: : B-52G/D 1170 f
g { !
3 % 3
. ;
:
. : :
d 1
] i
|
: H
: Approximate Total Number of Air-to-Air Sorties b
; Approximate Total Number of Air-to-Ground Sorties
! Approximate Total Number of Aerial Refuelings 80
Approximate Total Number of ILS Approaches 200
o




’T e
NT=-33A
;
EVALUATION PILOT QUESTIONNAIRE .
Personal Data -
i K}
NAME Cima, W.Mm. (Pilot C) RANK Lt SERVICE USN
] AGE 30 TOTAL FLYING TIME 1100 hr
% Detailed Flying Time Breakdown
(List most recent aircraft first)
AIRCRAFT TIME (hr)
f T-38A 60
‘g RF-4C 25 .
3
‘ F4J 700
Y
E
.
;
: Approximate Total Number of Air-to-Air Sorties 300
Approximate Total Number of Air-to-Ground Sorties __100
Approximate Total Number of Aerial Refuelings 200
Approximate Total Number of ILS Approaches ‘ 200
64
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DATE
13 May 77
17 May 77
17 May 77
18 May 77
18 May 77
19 May 77
19 May 77
20 May 77
20 May 77
23 May 77
23 May 77
24 May 77
24 May 77
25 May 77
25 May 77
26 May 77
26 May 77
27 May 77
31 May 77
1 Jun 77
1 Jun 77

3 Jun 77

3 Jun 77

APPENDIX P

LIST OF TEST SORTIES

NT-33A TARGET )
| TYPE/TAIL
CREW HOURS NO. CREW
Cima/Harper 1.5 T-38/934 Stebe/Banta
LeBeau/Hall 1.7 T-38/153 Stebe/Waldruff
Stebe/Hall 1.7 T-38/153 LeBeau/Newman
Cima/Hall 1.8 T-38/154 Beaulier/Pavel
LeBeau/Hall l.6 T-38/579 Cima/Miller
Cima/Hall 1.8 T-38/575 LeBeau/Miller
Stebe/Hall 1.6 T-38/575 Robert/Jacob
LeBzau/Hall 1.7 T-38/154 Collius/Jacob
Stebe/Hall 1.5 T-38/154 Muldrow/Millerx
LeBeau/Hall 1.6 T-38/943 Spencer/Jacob
Stebe/Hall 1.5 T-38/375 Pollock/Miller
Stebe/Hall 1.5 RF-~-4/626 Cooper /Nelson
L.eBeau/Hal. 1.7 T-38/579 Collius/Jacob
Cima/Hall 1.6 T-38/954 Borowski/Jacob
Stebe/Hall 1.5 T-38/579 Neelv/Miller
Cima/Hall 1.4 T-38/559 Behler/Jaccb
Stebe/Hall 1.3 T-38/559 Collins/Miller
Cima/Hall 1.5 T~38/158 Behler/Poch
Cima/Hall 1.5 T-38/954 Borowski/Teague
LeBeau/Hall l.6 T-38/954  Vangeldrop/Miller
LeBeau/Hall 1.5 m-.38/856 Barns/Hamlin
Cima/Hall 1.3 T-38/559 Barns/Waldruff
Stebe/Hall 1.3 T-38/558 Neely/Miller
65
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P : LIST OF ABBREVIATIONS AND SYMBOLS

Item Description Units
AFFDL Air Force Flight Dynamics -
i Laboratory
2  : . AFFTC #ir Force Flight Test Centsr - - -
AGL above ground level - - -
% - ATAGAS Alr-to-Air Gunnery Analysis - - -
% System ,
% Fos aileron stick force ib
é Fes elevator stick force 1b
& HQDT handling qualities during - - -
' tracking
? 1LS instrument landing system - - =
ﬁ KIAS knots indicated airspeed - - -
MSL mean sea level ft
1 n, | normal acceleration g
}1 P roll rate deg/sec
i TPS test pilot school - - -
L UHF ultrahigh frequency - - -
? ; VFR visual flight rules - - -
él a aircraft angle of attack deg
g: g aircraft angle of sideslip 2g
;: as lateral stick deflection deg
§ es longitudinal stick deflection deg
y ; ta Dutch roll damping ratio dim
j' t cp phugoid damping rrtio ‘ dim
3 é 4 damping ratio of numerator | dim
| ¢ quadratic term in the p/Fag
b transfer function
&i .66




‘ 3
]
2 i !
Item Degcription Units } ]
: ' LR
'f 'ap short period damping ratio dim i
5 P
E o n roll mods tite constant sec i
! ) . Pl

: ée lead time constant in O/F sec v?
E : 2 transfor functinn
: B
% e spiral mode time constant sec 3
(. ‘ ‘
F atrcraft bank augle den
wy putch roll natural f{rsqguency rad/sec
iﬁ mp phugcid natural Ireguency rad/sec 3
? we short period natural frecuency rad,sec : 3
P ' g
' W natural trequency of numérator rad/sec 4‘
’ quadratic texm in the o/F 1
g transfer function |
2 :
| |
|
Al
3
:
i.
)
3
N
: f
b:‘ -

{
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c
;|
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